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RESUMEN
Estudiamos las propiedades de una muestra de 27 n´ ucleos activos de galaxias
(NAGs) con perﬁl de doble pico (dbp) en las l´ ı n e a sa n c h a sd ee m i s i ´ on de baja
ionizaci´ on, tomados del DR4. Nuestro primer resultado es que todo el espectro de
emisi´ on en el intervalo de 4100 ˚ A a 5800 ˚ A se puede ajustar muy bien mediante un
modelo de emisi´ on en un disco de acreci´ on el´ ıptico. Los mejores ajustes indican que
la emisi´ on ´ optica de las l´ ıneas de FeII en los emisores dbp se originan en la misma
regi´ on del disco que las l´ ıneas de Balmer. Encontramos que algunas correlaciones
conocidas para los NAGs normales se cumplen tambi´ en para los dbp. Sin embargo,
este resultado debe tomarse con cautela porque el n´ umero de objetos es peque˜ no
y porque tenemos un sesgo de selecci´ on hacia objetos con emisi´ on de FeII intensa.
Mostramos que para los dbp, la masa del agujero negro central parece tener mayor
inﬂuencia en las propiedades de la emisi´ on de FeII que la tasa de acreci´ on.
ABSTRACT
We study the FeII properties of double-peaked broad low-ionization emission
line AGN (dbp emitters) using a sample of 27 dbp emitters from SDSS (DR4).
Our ﬁrst result is that the line spectra in the wavelength range from 4100 ˚ At o
5800 ˚ A can be best ﬁtted by an elliptical accretion disk model.The best ﬁtted
results indicate that the optical FeII emission lines of dbp emitters originate from
the same region in the accretion disk where the double-peaked Balmer emission
lines originate. Some correlations between FeII emission lines and the other broad
emission lines for normal AGN can be conﬁrmed for dbp emitters. However, these
results should be taken with caution due to the small number of objects and the
bias in selecting strong FeII emitters. We show that for dbp emitters, BH masses
seems to have more inﬂuence on FeII properties than dimensionless accretion rate.
Key Words: ACCRETION, ACCRETION DISKS — GALAXIES: AC-
TIVE — QUASARS: EMISSION LINES
1. INTRODUCTION
The optical FeII emission lines are one of the
most important properties of some active galactic
nuclei (AGN). Because of the large amounts of FeII
emission lines (half-ﬁlled 3d-shell leads to thousands
of transitions for FeII emission lines) (Moore & Mer-
ill 1968; Netzer 1988; Wills et al. 1980; Wills, Net-
zer, & Wills 1980), it is diﬃcult to clarify many
properties of these lines, such as their loci of emis-
sion, the mechanism of their excitation, the corre-
lation between FeII lines and other emission lines.
1Instituto de Astronom´ ıa, Universidad Nacional Aut´ o-
noma de M´ exico, Mexico.
2Center for Astrophysics, University of Science and Tech-
nology of China, Hefei, Anhui, P.R. China.
The bright object I Zw I (PG 0050+124) has very
strong FeII emission lines which can be accurately
measured. And thus it has been used to build FeII
templates for the subtraction of these lines when re-
ducing quasar spectra in order to properly ﬁt the
continuum (Philips 1978; Oke & Lauer 1979; Boro-
son & Green 1992; Laor et al. 1997; Marziani et al.
2003a).
A detailed study of line-related correlations be-
tween FeII and other properties of AGN can be found
in Sulentic, Marziani, & Dultzin-Hacyan (2000):
there is an outstanding strong anticorrelation be-
tween EW(FeII4570)/EW(Hβ) and FWHM(Hβ)i n
the context of the so called Eigenvector 1 (E1) pa-
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rameter space. These authors have deﬁned a popula-
tion A, FWHM(Hβbroad)< 4000 km · s−1, and popu-
lation B, FWHM(Hβbroad)> 4000 km · s−1,w h i c hi s
a cleaner distinction for AGN with strong and weak
FeII emission lines than radio loud objects vs. radio
quiet objects. A preliminary deﬁnition of Eigenvec-
tor 1 can be found in Boroson & Green (1992). An
updated and more complete version of it includes the
interpretation of the observed trends in this parame-
ter space in the context of their physical drivers: BH
masses and accretion rate (Sulentic et al. 2006).
There are two main kinds of models which can
reproduce the observed shape and equivalent width
of FeII emission lines: Photoionization models with
microturbulence (Korista et al. 1997; Bottorﬀ et
al. 2000; Netzer 1985; Baldwin et al. 2004) in the
context of the so called LOC model (Baldwin et al.
1995) and collisionally excited models (Grandi 1981,
1982; Kwan et al. 1995; Dumant, Collin-Souﬀrin,
& Nazaiova 1998; Baldwin et al. 2004). A sim-
ple photoionization scheme is not adequate to re-
produce the observed FeII lines (Bergeron & Kunth
1980; Collin-Souﬀrin et al. 1986; Joly 1987; Collin-
Souﬀrin, Hameury & Joly 1988) because of the en-
hanced FeII emission due to the needed high den-
sity (> 1011 cm−3) of the emitting clouds (Ferland
& Person 1989). Thus, the accretion disk and/or
the region near the center produced by shocks along
the radio jet provide a natural high density environ-
ment for FeII emission lines. Sigut & Pradhan (2003)
have examined this assumption for the typical phys-
ical conditions of AGN. In their paper, the following
excitation mechanisms for FeII emission lines have
been considered: continuum ﬂuorescence (Phillips
1978, 1979), collisional excitation (Joly 1991), self-
ﬂuorescence among the FeII transitions and ﬂuores-
cent excitation by Lyα and Lyβ (Penston 1988; Sigut
& Pradhan 1998; Verner et al. 1999).
The most commonly accepted outcome from the
study of FeII emission lines is that the line width of
these lines is the same as that of the other broad
low-ionization emission lines such as Hβ, except
for several special objects such as HE 1249-0648
and HE 1258-0823 (FWHM(Hβ)   FWHM(FeII))
(Marziani et al. 2003a, 2003b). The best way to
determine where the FeII emission lines originate,
wheter in the accretion disk or at the base of the jet,
is to study the properties of FeII lines from a spe-
cial kind of AGN which emit double-peaked broad
low-ionization Balmer emission lines (dbp emitters).
These double-peaked broad lines are believed to orig-
inate in the accretion disk near the central Black
Hole (BH) (Storchi-Bergmann et al. 2003; Storchi-
Bergmann et al. 1997; Storchi-Bergmann et al.
1995; Eracleous et al. 1997; Storchi-Bergmann,
Baldwin, & Wilson 1993; Chen & Halpern 1989a;
Chen, Halpern, & Filippenko 1989b, Chen, Halpern,
& Titarchuk 1997; Halpern et al. 1996; Antonucci,
Hurt, & Agol 1996; Sulentic et al. 1990; Shapoval-
ova et al. 2001; Gilbert et al. 1999; Hartnoll &
Blackman 2002; Karas, Martocchia, & Subr 2001).
Other models have been considered to interpret the
origin of double-peaked broad lines, such as the bi-
nary black hole model (Begelman, Blandford, & Rees
1980; Gaskell 1983) and the bipolar outﬂow model
(Zheng, Sulentic, & Binette 1990), but they have
proved unsuccessful to explain most dbp emitters.
In a previous paper we reported a ﬂat-
spectrum radio quiet quasar, SDSS J2125-
0813, which has a broad double-peaked Hβ
(FWHM(Hβ) ∼15000 km·s−1), and strong FeII
emission lines at optical bands that have exactly the
same line proﬁle as that of the broaddouble-peaked
Hβ line (Zhang, Dultzin-Hacyan, & Wang 2006a,
hereafter Paper I). In this paper, we select a whole
sample of AGN with both double-peaked broad
Balmer lines and strong optical FeII emission lines
to study the FeII properties of dbp emitters. There
are two famous samples of dbp emitters. One con-
sists of 23 objects which are nearly all LINERs from
radio galaxies (Eracleous & Halpern 1994, 2003;
Eracleous et al. 1995), and the other is made up of
112 objects of which 12% are classiﬁed as LINERs
(Strateva et al. 2003) selected from SDSS DR2
(York et al. 2000). Recently, we have built a larger
sample of dbp emitters from SDSS DR4 (Zhang,
Dultzin-Hacyan, & Wang 2007), which includes
more than three hundred dbp emitters. Because
of the convenience to get the spectra of SDSS, we
select dbp emitters with apparent FeII emission
lines from the two samples in SDSS (Strateva et
al. 2003; Zhang et al. 2007). In Section 2 we list
the data of our sample. Section 3 presents the
results and then the discussion and conclusions
follow in Section 4. The cosmological parameters
H0=75 km s−1 Mpc−1,Ω λ =0 .7 and Ωm =0 .3
have been adopted here.
2. THE SAMPLE
There are 112 dbp emitters selected from SDSS
DR2 by Strateva et al. (2003) and more dbp emit-
ters are being selected from SDSS DR4 by Zhang
et al. (2007). Because we select dbp emitters from
the main catalogs of galaxies and of quasars classi-
ﬁed by pipeline of SDSS, with criteria diﬀerent from
those used by Strateva et al. (2003), and because©
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THE PROPERTIES OF OPTICAL FEII EMISSION LINES OF DBP EMITTERS 103
Fig. 1. The spectra of dbp emitters and the continuum under Hβ are shown in the ﬁgure. The best ﬁtted results for
narrow emission lines near Hα are shown in the upper right panels in each plot. The thin solid line is the spectra after
the subtraction of the continuum. The thick solid line represents the best ﬁtted results, the dotted line presents the
components for [NII]λ6548,6583˚ A+Hαnarrow. The dash-dotted line represents the components for broad Hα.©
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Fig. 1. Continued.©
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Fig. 1. Continued.©
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Fig. 1. Continued.
in this paper we simultaneously select dbp emitters
with apparent and strong FeII emission lines, even
when we use DR4, our sample is smaller (some dbp
emitters selected by Strateva et al. (2003) are not
included in our sample).
The detailed selection criteria will be described
in a forthcoming paper (Zhang et al. 2007). We
give here a description of the steps we followed:
First, we subtracted the stellar components from
the observed spectra by the PCA template method
(Hao et al. 2005; Li et al. 2005), if necessary.
Then the emission lines, especially Hα+[NII]λ6548,
6583˚ A, were ﬁtted by Gaussian functions. At least
two Gaussian functions, one broad and one narrow,
were applied for each permitted emission line, and
one Gaussian function for each forbidden emission
line. According to the best ﬁtted results obtained by
the Levenberg-Marquardt least-squares minimiza-
tion technique, the AGN with broad emission lines
were selected by the following criteria: the line width
(σ), and ﬂux of the broad component of Hα should
be at least 5 times larger than the measured errors,
and also the line width σ of the broad component of
Hα should be larger than 800 km · s−1. The value of
the summed squared residuals divided by the number
of degrees of freedom, χ2
1, can also be obtained. The
value χ2
1 near to 1 represents whether the parameters
of the model are signiﬁcant for the ﬁt to the emission
lines. Because of the complex line proﬁles of double-
peaked emission lines one broad Gaussian function is
not the best choice to ﬁt the broad component; the
values of χ2
1 for objects with double-peaked broad Hα
should be larger than 1. Thus multi-Gaussian func-
tions (four broad Gaussian functions) are applied for
broad emission lines again. Then we obtain the other
value of χ2
2 for each AGN with broad emission lines.
For objects with double-peaked broad Hα, the value
of χ2
2 should be much closer to 1. We then select our
dbp emitter candidates according to the following
criterion: χ2
1 − χ2 > 1, which indicates the observed
line proﬁles cannot be properly ﬁtted by one broad
Gaussian function. Finally, we check the dbp emitter
candidates one by one by eye, according to whether
there are features suggestive of double peaks. We re-
ject the candidates which have asymmetric line pro-
ﬁles of Hα or have multi-Gaussian components with
the same center wavelength (where the separation of
peaks is less than 10˚ A).
According to the observed spectra of SDSS, we
can easily select the dbp emitters for which the FeII
emission lines are evident, especially in the wave-
length range from 4100 ˚ A to 5800 ˚ A. Including the
object SDSS J2125-0813 we ﬁnd 27 dbp emitters
with apparent FeII emission lines. 12 dbp emitters
are selected from the sample of Strateva et al. (2003)
and 15 new dbp emitters are selected from SDSS
DR4. We show the spectra in Figure 1 (the spec-
trum of SDSS J2125-0813 can be found in Paper I,
here we do not show it again). According to the
properties of the spectra, all the 27 dbp emitters are
quasars. The other 26 objects have both double-
peaked Hα and Hβ emission lines (because we have
a limit of less then 0.33 on the redshift of dbp emit-
ters selected from SDSS). As discussed below this
allows us a more convenient way to measure and es-
timate the FeII emission lines. The objects are listed
in Table 1.
3. RESULTS
3.1. Measurement of the line parameters of
emission lines
Due to the presence of double-peaked broad
Hα, in order to get the best ﬁtted results for nar-
row emission lines, there are three to four broad
Gaussian functions for the broad components of©
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THE PROPERTIES OF OPTICAL FEII EMISSION LINES OF DBP EMITTERS 107
Fig. 2. The best ﬁtted results for the spectra near Hβ of dbp emitters. The dotted line represents the line spectra after
the subtraction of the continuum. The thick solid line represents the best ﬁtted results. The dashed line represents the
narrow components for [OIII] doublet and/or Hβ and/or Hγ. The dot-dashed line represents the broad components
for Hβ,H γ and/or HeIIλ4686˚ A. The double dot-dashed line represents the components for FeII emission lines in the
wavelength range from 4200 ˚ A to 5600 ˚ A.©
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Fig. 2. Continued.©
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Fig. 2. Continued.©
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Fig. 2. Continued.
Hα, one single narrow Gaussian function for each
narrow emission line in the wavelength range be-
tween 6250 ˚ A and 6850 ˚ Aa n dap o w e rl a wf o r
the continuum. Thus, there are three to four
broad Gaussian functions for broad Hα and seven
narrow Gaussian functions for [NII]λ6548,6583˚ A
[SII]λ6719,6732˚ A [OI]λ6300,6363˚ A and narrow com-
ponent of Hα. Here, we limit the center wavelength
of each doublet to the same redshift, and limit the
velocity dispersion of the Gaussian function of each
doublet to the same value in velocity space. Fur-
thermore, we ﬁx the ﬂux ratio of [NII]λ6548˚ At o
[NII]λ6583˚ A to 0.33, limit the line width of narrow
emission line (σline) to be less than 400 km · s−1 and
limit the line width of broad emission lines (σline)
to be larger than 500 km · s−1. The last best ﬁtted
results are shown in Figure 1.
According to the best ﬁtted results for narrow
emission lines, we can get the broad components of
Hα in the wavelength range from 6250 ˚ A and 6850
˚ A. This provides a better way to measure the FeII
emission lines at optical bands and a better way to
estimate the model parameters of the accretion disk
model. Because of strong FeII emission lines, it is
much more diﬃcult to obtain the complete line pro-
ﬁle of Hβ. However, we can estimate broad double-
peaked Hβ b yt h el i n ep r o ﬁ l eo fH α after the sub-
traction of narrow emission lines. Before proceeding
further, we should ﬁrst subtract the continuum near
Hβ. We subtract the continuum according to the
best ﬁtted results for the points near 4100 ˚ Aa n d
near 5800 ˚ A. The continuum near Hβ is also shown
in Figure 1.
Once we obtain the spectra in the wavelength
range between 4100 ˚ A and 5800 ˚ A after the subtrac-
tion of the continuum, we can ﬁt the spectra as we
have done in Paper I, under the assumption that the
FeII emission lines come from the same regions as
the broad Balmer emission lines:
fλ = kHβ × Hα+ kHγ × Hα+ kFeII

FeII
+ kFeIII

FeIII + kMgI

MgI
+ Hβnarrow + Hγnarrow +[ OIII]( 1 )
where kline is the ﬂux ratio of the emission line
to broad Hα. The narrow component of Hβ,H γ
and [OIII] doublet can be ﬁtted by narrow Gaussian
functions. If necessary, there is a broad component
w i t ht h es a m el i n ep r o ﬁ l ea st h a to fb r o a dH α for
HeIIλ4686˚ A and two extended Gaussian functions
for the extended wings of the [OIII] doublet. The
best ﬁtted results are shown in Figure 2. The pa-
rameters for the ﬂux ratio of diﬀerent emission lines
are listed in Table 2.
From the ﬁtted results shown in Figure 2 we no-
tice that there are some objects for which the emis-
sion lines near Hβ, especially near 4600 ˚ A cannot
be adequately ﬁtted. The main reasons are perhaps
the following: ﬁrst, we do not consider the contribu-
tions of narrow emission lines of Hγ+[OIII] and CVI
emission lines, since they are weak emission lines;
second, the lack of accuracy of the continuum sub-
traction. We ﬁt the continuum under Hβ by a power
law function. However, from the study of compos-
ite spectra of quasars (Francis et al. 1991; Zheng
et al. 1997; Vanden Berk et al. 2001) and especially
the study of composite spectra of AGN selected from
SDSS, we can see that the continuum should be best
ﬁtted by two power laws with a break at ∼5000˚ A.
Thus, applying only one power law to ﬁt the contin-
uum under Hβ should lead to some uncertainty.
After the subtraction of narrow emission lines
near Hα, we can obtain the parameters of the ellip-
tical accretion disk model (Eracleous et al. 1995) by
the Levenberg-Marquardt technique, adjusting the